ABSTRACT. Objective: The aim of this study was to estimate costs attributable to substance use and misuse in Canada in 2002. Method: Based on information about prevalence of exposure and risk relations for more than 80 disease categories, deaths, years of life lost, and hospitalizations attributable to substance use and misuse were estimated. In addition, substance-attributable fractions for criminal justice expenditures were derived. Indirect costs were estimated using a modified human capital approach. Results: Costs of substance use and misuse totaled almost Can. $40 billion in 2002. The total cost per capita for substance use and misuse was about Can. $1,267: Can. $463 for alcohol, Can. $262 for illegal drugs, and Can. $541 for tobacco. Legal substances accounted for the vast majority of these costs (tobacco: almost 43% of total costs; alcohol: 37%). Indirect costs or productivity losses were the largest cost category (61%), followed by health care (22%) and law enforcement costs (14%). More than 40,000 people died in Canada in 2002 because of substance use and misuse: 37,209 deaths were attributable to tobacco, 4,258 were attributable to alcohol, and 1,695 were attributable to illegal drugs. A total of about 3.8 million hospital days were attributable to substance use and misuse, again mainly to tobacco. Conclusions: Substance use and misuse imposes a considerable economic toll on Canadian society and requires more preventive efforts. 
T HE BURDEN AND COST OF SUBSTANCE USE and misuse in established market economies is enormous
, and Canada is no exception. The last systematic estimate on the burden of substance use and misuse in Canada was undertaken a decade ago for the year 1992 (Single et al., 1996 (Single et al., , 1998 (Single et al., , 1999 . The overall cost of substance use and misuse for that year was estimated at Can. $18.5 billion, which represented Can. $649 per capita. Legal substances (i.e., alcohol and tobacco) accounted for most of these costs. The study proved to be a valuable resource for policy making and health care planning in Canada. However, the study's numbers have become outdated over the years, as changes have occurred in the Canadian population, in key health behaviors, in health service-use patterns, and in law enforcement practices. To fill this gap, the present study was initiated in 2003 and finalized in 2006. In addition to providing economic data relevant to health care planning, the study was conceptualized to provide the basis for calculation of avoidable costs resulting from a number of different policy changes (for methodology of estimating avoidable costs see Collins et al., 2006) .
Method
A brief description of the methodology will follow; however, for a detailed account of the study methodology, see Rehm et al. (2006a) .
Main approach of the study
This study was based on the revised International Guidelines for Estimating Costs of Substance Abuse (Single et al., 2003) as a cost-of-illness study, in which the impact of psychoactive substance use and misuse on the material welfare of Canadian society in 2002 was examined relative to a counterfactual scenario that assumed a situation of no substance use and misuse. Usually, the term abuse is used in economic literature, defined there as any substance use that involves a social cost (Collins and Lapsley, 1991) . As the term abuse has a different definition in epidemiology and substance use research, we decided to use the term use and misuse, which covers costs attributable to all consequences associated with the use of psychoactive substances, rather than just those costs associated with physical dependence or heavy use, or with substance-use disorder as defined by the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (American Psychiatric Association, 1995) . This study used a modified prevalence-based human capital approach based on the concept of opportunity cost: The cost of resources spent on substance use and misuse is the benefit forgone from their best alternate use.
Only social costs were included in this study. This excluded so-called private costs, that is, costs accrued by people engaged in the activity of consuming psychoactive substances (e.g., costs to buy cigarettes or beer). Intangible costs (e.g., nonmonetary harms, such as pain and suffering) were also excluded from the study. Costs avoided as a result of beneficial health effects of substance use (e.g., cardioprotective effect of regular moderate drinking without heavy drinking occasions) were included, resulting in the reporting of only net costs of substance use.
Estimating direct health care costs attributable to substance use and misuse
The first step in estimating the health care costs was to quantify the proportion of substance-attributable morbidity and mortality. A list of more than 80 substance-attributable disease conditions associated with substance use and misuse was developed from reviews of epidemiological literature of alcohol ), illegal drugs , and tobacco (Baliunas et al., 2007) . The epidemiological criteria for determining which diseases were causally linked to substance use and misuse were based on the usual epidemiological criteria, with most weight accorded to consistency, biological mechanism, strength of association, and temporality (English et al., 1995; Hill, 1965; Rothman and Greenland, 1998) . In addition, diseases that are, by definition, fully attributable to substance use and misuse (e.g., alcoholic cirrhosis of liver) were identified in the International Classification of Diseases Version 10 ( ICD-10; World Health Organization, 2004) .
Direct health care costs were estimated based on attributable fractions (AFs) (i.e., the proportion of a disease that can be attributed to the use of a certain substance). The AFs were calculated based on the prevalence of exposure and the relative risk of different exposure categories compared with no exposure using the following formula (see Walter, 1976 Walter, , 1980 :
• i is the exposure category with baseline exposure or no exposure i = 0; • RR(i) is the relative risk at exposure level i compared with no consumption; and • P(i) is the prevalence of the ith category of exposure.
The relative risks for each cause of disease and death were taken from the most recent comprehensive meta-analyses, separately by gender and age where applicable (see Rehm et al., 2006a , for further details).
The prevalence data for alcohol were based on the Canadian Addiction Survey (Canadian Centre on Substance Abuse, 2004) and adjusted for per capita consumption . Data on smoking prevalence were taken from the Canadian Community Health Survey cycle 2.1 (Statistics Canada, 2003) and data on prevalence of use of illegal drugs were collected from a variety of Canadian federal and provincial institutions . For some disease categories, the AFs were derived directly from available statistics, including traffic statistics that categorize accidents that occur under the influence of alcohol. AFs were derived specifically by gender, age, and disease category. Based on the methodology, the AFs can be negative if substance use prevents any deaths or morbidity.
AFs were then applied to the respective outcome (e.g., mortality, hospital days). Direct health care costs attributable to substance use and misuse in all categories (hospitalizations, outpatient care, physician visits, and prescription drugs) were calculated as the product of the aggregate units of use, the average unit cost, and the disease-specific AF.
Sources of data for health services and their costs
Information on health service use was obtained from the Canadian Institute for Health Information (CIHI). Number of specialized inpatient and outpatient admissions as well as days of treatment of alcohol and illegal drug dependency were obtained from provincial ministerial officials or drug addiction program coordinators. The final report of the cost study details the sources of information by service category . CIHI data also provided the average unit costs for these categories, in most cases both on a national and provincial level.
Estimating direct costs of law enforcement attributable to substance use and misuse
Law enforcement costs related to substance use and misuse include costs of policing, costs of the court system, and costs of incarceration. Similar to the health sector, two categories of crimes could be distinguished. First, there were offenses, which by definition are 100% attributable to substance use and misuse, such as drug offenses or drunk driving. Second, there are offenses where only a portion is attributable to substance use and misuse; therefore, AFs have to be determined. Consider property crime as an example of this type of offense: Only a proportion of property crime is related to substance use and misuse (e.g., when a person engages in such crimes to finance his or her substance use). The proportion of nondrug crimes attributable to alcohol and illegal drugs was based on the estimates from the workgroup of Brochu and colleagues (2005) . This study was conducted as part of the second Canadian cost study and provided gender-specific AFs for all crimes not fully attributable to substance use and misuse. The data were derived from interviews with a sample of federal and provincial jail inmates (Brochu et al., 2005 ; see also Pernanen et al., 2002) . Inmates were given a standard interview on drug and/or alcohol use and criminal behavior, for the purposes of determining both immediate links and past history. From these data, the causal contribution of different substances in committing criminal offenses was determined. Although the samples tried to cover some of the variability with respect to severity and type of crime, they cannot be considered fully representative for Canada.
Estimating indirect costs attributable to substance use and misuse: Baseline method
The costs of productivity losses owing to substance-attributable premature death or disability were estimated using a modified human capital method that assumes that a pool of unemployed workers is available to replace the prematurely deceased workers across a mean replacement period of 3 months (Koopmanschap and Rutten, 1996) . Productivity losses were calculated as the sum of lost wages during the replacement period and the monetized value of replacement workers' sacrifice of leisure for paid work, assuming that the societal opportunity cost of their leisure (i.e., the cost of forgone leisure) equals their marginal reservation wage (i.e., the lowest wage at which they are willing to work). To facilitate comparisons with past studies, we also calculated productivity costs using the traditional human capital method and the friction cost method (Koopmanschap and Rutten, 1996) . This study used a 5% discount rate as this is the most commonly used discount rate in costing studies and as such maximizes comparability with other valuation studies. By choosing 5% as the discount rate for the baseline analysis, we followed the guidelines established by the Canadian Coordinating Office for Health Technology Assessment (1997).
Productivity costs owing to premature mortality
Using the aggregate numbers of lost years of life by gender and age group, the productivity cost of substancerelated premature mortality was calculated as the sum of the cost to replace the deceased worker (estimated based on gender-specific average wage, adjusted for gender-and age-specific labor force participation) and the discounted present value of the replacement worker's projected future stream of marginal reservation wages, adjusted for productivity growth as well as gender-and age-related labor force participation.
Productivity costs owing to morbidity
To estimate the productivity losses attributable to substance-related morbidity, multivariate linear regression models of income were estimated using data recorded in the Canadian Community Health Survey, Cycle 1.2 (CCHS c1.2; Statistics Canada, 2002) for respondents ages 15-74 years. Productivity losses owing to morbidity were then calculated as the difference between the predicted mean income of the survey respondents with and without substance use disorders. Because the CCHS c1.2 did not measure tobacco-related disorders, the productivity losses owing to tobacco use were calculated by multiplying the estimated productivity losses owing to alcohol use and misuse (determined from the CCHS c1.2) by the ratio of hospitalization days attributable to tobacco use to hospitalization days attributable to alcohol use and misuse. We estimated the number and mean age of Canadians permanently disabled from working owing to alcohol or illegal drug use and misuse from CCHS c1.2 data and estimated their productivity losses using methods similar to those for premature mortality.
Results

Epidemiological results
Morbidity. The morbidity results are summarized in Table  1 . Overall, almost 18% of total acute care hospital days Mortality. Table 3 gives an overview of substance-attributable mortality for Canada for the year 2002. Tobacco caused more deaths than alcohol and illegal drugs combined, although many of the tobacco-related deaths occurred later in life. Alcohol-attributable deaths are a net estimate that incorporates the cardioprotective effect of regular light to moderate drinking .
More than 19% of all deaths and about 30% of the deaths among individuals younger than age 70 in Canada were caused by substance use and misuse. This total represents a slight overestimate owing to double-counting where there is overlap between substance-attributable deaths. For example, esophageal cancer is influenced by the interaction of alcohol and tobacco use (Taylor and Rehm, 2005) . However, the overall effect of this interaction between different substances is not very large: Collins and Lapsley (2002) found that the double-counting described above led to an overestimate of 2.2% of the total mortality caused by addictive substances in Australia in 1998 and 1999.
Potential years of life lost. In 2002, Canadians lost about 516,000 potential years of life owing to tobacco, 148,000 years owing to alcohol, and 62,000 years owing to illegal drugs, respectively representing about 17%, 5%, and 2% of all potential life years lost by Canadians. Potential years of life lost estimates are presented in Table 4 . Table 5 gives an overview of the social costs attributable to substance use and misuse by cost category for 2002.
Cost results
The estimated cost of substance use and misuse in Canada was Can. $39.8 billion in 2002. The economic costs of tobacco use and misuse were estimated at Can. $17 billion. This represented almost 43% of total substance use and misuse costs. Alcohol accounted for about Can. $14.6 billion in costs, which represented almost 37% of the total costs of substance use and misuse. Costs of illegal drugs were estimated to be approximately Can. $8.2 billion, which represented almost 21% of the total costs of substance use and misuse.
The total cost per capita for substance use and misuse was about Can. $1,267 in 2002: Can. $463 for alcohol, Can. $262 for illegal drugs, and Can. $541 for tobacco.
The two major direct cost categories attributable to substance use and misuse were health care costs, accounting for more than 22% (Can. $8.8 billion), and costs for law enforcement, accounting for about 14% (Can. $5.4 billion) of the overall costs. Health care costs were by far the largest category of direct costs, comprised mainly of costs arising from acute care hospitals but also from psychiatric and other specialized treatment institutions. Although the aggregate number of hospitalization days has declined markedly in the last decade, aggregate hospital days attributable to substance use and misuse did not follow this trend and stayed at about the same level as in 1992 . The costs of law enforcement attributable to substance use and misuse were considerable for both illegal drugs and alcohol; overall, they constituted more than one third of the total direct costs. Overall, the level of costs for law enforcement attributable to substance use and misuse can serve as an important marker that substance use and misuse is not only a health problem but a larger public health and social concern as well. Compared with the health Notes: Numbers for alcohol are net numbers (i.e., taking into consideration the beneficial effects of alcohol use). M = male; F = female. a Including cannabis; b including passive smoking. Notes: Categories in italics are sub-categories of immediate prior category. ADT = alcohol, illegal drugs, and tobacco; NA = not applicable; "-" = not available; EAP = employee assistance programs.
and the law enforcement sector, all the other direct costs (e.g., prevention and research, fire damage, traffic accident damage, losses associated with the workplace, and administrative costs for transfer payments) are of lesser economic weight.
Based on the methods used in the baseline approach, the productivity losses owing to substance use and misuse were Can. $24.3 billion, constituting the largest part of the social costs (61%). This finding is consistent with all previous social cost studies of substance use and misuse (e.g., Collins and Lapsley, 2002; Single et al., 1996) . Among productivity losses the costs owing to long-term disability were the largest component, at Can. $21.1 billion (87% of the total).
The methods used to calculate indirect costs are variable and are the subject of ongoing debate. To facilitate comparisons with other studies, Table 6 presents sensitivity analyses of indirect costs comparing the baseline approach with the friction cost and traditional human capital methods. Depending on the method, the indirect cost estimates range from Can. $567.9 million to Can. $39.2 billion. For both the baseline approach and the traditional human capital method, indirect costs remain the largest social cost.
Discussion
There are several limitations of this study. For various methodological reasons or simply because the data were not available, some costs associated with substance use and misuse were not included. Thus, prescription drug use and misuse was not included simply because the minimum data were not available in Canada to make a comprehensive cost analysis.
Although this study represents an improvement in estimating substance use and misuse costs linked to crime, it could have benefited from more detailed policing data to estimate enforcement costs. In the case of tobacco-related crime, for example, no enforcement estimate was even possible, as there were no data that allow for the quantification of this cost category, even though there clearly had been law enforcement activities attributable to tobacco smuggling. Finally, this study did not assess the lost productivity of people in prison convicted of a substance-related crime.
The issue of causality with regard to alcohol-related crime, and especially illegal drug-related crime, should be also acknowledged as a limitation of this study. For example, even in cases where a person consumed alcohol or illegal drugs before committing a crime and even when the respondent admitted that the crime would not have taken place without them, there is no certainty that the crime can be causally attributed to alcohol or drug consumption. Thus, the attribution of alcohol or drugs as a causal factor in the crime may contain bias, reflecting the limitations of the methodologies used, which are based on self-report.
There are several approaches used in the economic cost studies, including the human-capital approach, the frictioncost approach, and the hybrid approach. In this study, the latter approach was used as the best suitable method for current labor market conditions in Canada. The hybrid approach assumes availability of replacement workers (labor markets in Canada are not at full employment); thus, the value of societal production losses resulting from premature deaths is equal to the production lost during the replacement (friction) period plus the value of leisure sacrificed by replacement workers. The human-capital approach overestimates the value of societal losses by assuming the loss is permanent-that the prematurely deceased workers cannot be replaced. The underlying assumption of full employment is not realistic in contemporary Canadian labor markets, where involuntary unemployment has been a persistent feature over several years. The friction-cost approach underestimates the production losses, as it assumes that the societal opportunity cost of labor is zero-that is, that the sacrifice of replacement workers' leisure for work has no monetary value. The hybrid approach recognizes both the value of leisure sacrificed for work as well as existing involuntary unemployment.
At almost Can. $40 billion in 2002, the social costs of substance use and misuse in Canada were considerable, and they appear to have increased over the past decade, particularly for illegal drugs. Neither these recent costs nor the trend of increasing social costs is necessary, as the intervention literature demonstrates that there are numerous feasible, cost-effective, and evidence-based approaches to reducing substance-attributable costs. For example, alcohol control measures such as pricing, taxation, state monopolies to prevent selling to minors, and strict and consistent enforcement of traffic and workplace safety laws have been shown to be effective and cost-effective (Babor et al., 2003; Chisholm et al., 2004) methods to contain or reduce the social costs of alcohol. For tobacco, interventions such as (Shibuya et al., 2003) . Indeed, some of the reduced burden of disease in Canada can probably be attributed to the improved tobacco control measures over the past decade. For illegal drugs, the evidence is much less clear, but some countries such as Switzerland (Büechi and Minder, 2001) , France, and Spain (Ramirez-Jonville, 2006) seem to have developed effective strategies to reduce harm and costs from illegal drugs. Estimating social costs is important not only for understanding current realities but also for future programming and policy. However, estimating social costs is only the first step in future planning. For concrete programming and policy making, it is necessary to know which social costs are avoidable costs. The costs presented in this article aggregate all costs attributable to substance use and misuse, no matter whether or to what degree they are avoidable. To give one example, if all tobacco consumption stopped today, there would still be tobacco-attributable lung cancers for many years to come. There are many other examples, and, in the past year, there have been efforts to systematically determine the avoidable costs attributable to substance use and misuse (Collins et al., 2006; Rehm et al., 2006c) . Given the level of substance use-and misuse-related costs in Canada, it is important to start the work on quantifying avoidable costs to have more focused and relevant information from which to plan programs and policies to reduce these costs.
